Abdominal obesity predisposes individuals to cardiovascular disease, but the data in adults with normal body mass index (BMI) are relatively rare. This study aimed to evaluate the characteristics of subjects with normal BMI and abdominal obesity and to identify the relationship between central obesity and cardiovascular risk factors in normal BMI adults in Korea. Methods: Ten thousands six hundred thirty-four adults with BMI between 18.5 to 24.9 kg/m 2 who participated in the sixth Korea National Health and Nutrition Examination Survey were included. Abdominal obesity was defined as a waist circumference of ≥90 cm in males and ≥85 cm in females. Through logistic regression, we analyzed the factors influencing abdominal obesity and the relationship between abdominal obesity and cardiovascular risk factors. Results: The prevalence of abdominal obesity in adults with normal BMI was 6.9% for males and 7.7% for females, and this prevalence tended to increase with age. When adjusted for age and BMI, daily excessive alcohol consumption increased the risk of abdominal obesity in adults of normal weight. Women with lower socioeconomic status and men in need of walking exercise also had a higher risk of abdominal obesity. In the model adjusted for age and BMI, abdominal obesity was associated with fasting glucose intolerance and diabetes in men and hypertriglyceridemia and low high-density lipoprotein cholesterol in women. Conclusion: Cardiovascular risk factors were associated with abdominal obesity in Korean adults with normal BMI. These results suggest that more careful management of abdominal obesity in those with normal weight is necessary.
INTRODUCTION
Obesity is defined as a state of abnormal or excessive accumulation of adipose tissue that leads to health risks. Body mass index (BMI) was used to define the criteria for obesity. 1 However, studies have reported that BMI may not accurately predict actual fat mass if the value is below 30.0 kg/m 2 . 2 Moreover, recent studies have shown that abdominal obesity, rather than obesity simply defined by BMI, is more highly correlated with cardiovascular and metabolic diseases. According to studies in the United States and Canada, individuals with normal BMI and abdominal obesity showed higher risks of cardiovascular diseases compared to individuals classi-fied as obese according to BMI without abdominal obesity. [3] [4] [5] [6] Mortality from coronary artery disease was also found to be higher in individuals with normal BMI and abdominal obesity. 7, 8 Although quantifying visceral and subcutaneous fat by computed tomography (CT) is the most accurate diagnostic method for abdominal obesity, CT use is limited because of high cost and risk of radiation exposure.
Because waist circumference is highly correlated with visceral fat and is easy to measure and interpret, this is used as the basic clinical tool for evaluating abdominal obesity. 9 Asians are known to have more severe abdominal obesity than Caucasians with identical BMIs leading to the suggestion that different diagnostic criteria should be applied to different races. In 2009, the American Heart Association/ National Heart, Lung, and Blood Institute and International Association for the Study of Obesity defined abdominal obesity in Asians as a waist circumference of ≥ 90 cm for males and ≥ 80 cm for females. 10 Currently in South Korea, slightly different criteria, waist circumference of ≥ 90 cm for males and ≥ 85 cm for females, have been suggested by the Korean Society for the Study of Obesity based on the Korea National Health and Nutrition Examination Survey (KNHANES) data from 1998. 11 Individuals classified as having a normal body weight based on BMI despite the presence of abdominal obesity are often not recognized as obese in the primary care setting and may not acknowledge their obesity. As a result, these individuals may not receive management for abdominal obesity or participate in programs to prevent future cardiovascular or metabolic diseases. 12 In a study conducted in 9,447 individuals in Jilin Province of China, 55.6% of individuals with normal body weight and abdominal obesity did not acknowledge their obesity, and only 12.7% were attempting to lose weight. 13 Therefore, we should pay more attention to the individual with abdominal obesity and normal body weight.
Few studies have examined abdominal obesity in adults with normal body weight in South Korea. According to a South Korean study based on the KNHANES of 2009-2010, 32% of adults with normal BMI were found to have body fat percentages that were greater than or equal to obesity cutoffs when measured by dual energy X-ray absorptiometry. Individuals who were abdominally obese with normal body weight showed an increased prevalence of cardiovascular diseases. 14 A 2001 study on 678 adults who sought health examinations and who had a BMI less than 23.0 kg/m 2 , de-termined that a higher body fat percentage measured by bioelectrical impedance analysis was associated with higher risks of cardiovascular diseases, especially in males. 15 Although these studies increased the interest in obesity with normal body weight in South Korea, the influence of fat distribution was not clearly determined.
A previous study showed that visceral adiposity measured by dual energy X-ray absorptiometry was associated with triglycerides in 156 adults with normal body weight who participated in the 2011 KNHANES. 16 However, the study had a small sample size and no further studies have been conducted using more recent South Korean data. Therefore, this study was conducted to identify the factors that increase the risks of abdominal obesity in Korean adults with normal body weight and to investigate the relationship between abdominal obesity and cardiovascular risk factors, such as hypertension, diabetes, and dyslipidemia, based on the sixth KNHANES (2013-2015).
METHODS

Participants
Among adults aged 19 years or more who participated in the sixth KNHANES (2013-2015), data from 10,634 (4,336 males and 6,298 females) individuals with BMI between 18.5 and 24.9 kg/m 2 were analyzed. 
Ethics statement and data access
Clinical variables
Among the items assessed in the KNHANES, health questionnaire and physical exam data were used. An individual was considered to be normal weight if the BMI was 18.5 to 24.9 kg/m 2 ac-cording to the classification established by the World Health Organization. 1 Abdominal obesity was defined as a waist circumference of ≥ 90 cm in males and ≥ 85 cm in females in accordance with the criteria suggested by the Korean Society for the Study of Obesity. 
Data analysis
The complex sample analysis was conducted for the KNHANES data for weighing all values. For each variable, missing values were treat as valid. The prevalence of cardiovascular risk factors was analyzed according to the general characteristics and waist circumfer- 
RESULTS
Differences in general characteristics in adults with normal body weight according to the presence of abdominal obesity
Participants with normal BMI were classified into the normal waist circumference and abdominal obesity groups; their general characteristics are shown in Table 1 . The prevalence of abdominal obesity in adults with normal body weight was 6.9% in males and 7.7% in females. This difference was significantly higher in females (P = 0.020). The mean BMI in the group without abdominal obesity was 22.34 ± 1.64 kg/m 2 in males and 21.86 ± 1.69 kg/m 2 in females. The mean BMI in the group with abdominal obesity was 24.1± 0.81 kg/m 2 in males and 23.79± 0.69 kg/m 2 in females; thus, the mean BMI was significantly higher in the group with abdominal obesity than in the control group without abdominal obesity (P < 0.001). For both males and females, the mean age was higher in the groups with abdominal obesity, and the prevalence of abdominal obesity tended to increase with increased age (P < 0.001).
In both men and women with normal BMI and abdominal obesity, family income, education levels, and walking exercise frequency were lower and excessive alcohol consumption frequency was higher than the control group. Moreover, the abdominal obesity group and control group showed significant differences in smoking history in men (P= 0.022) and area of residence in women (P= 0.047). cohol to excess every day, and the odds ratio was higher compared to that determined using the unadjusted model. Even when adjusted for age and BMI, lower family income and education level significantly increased the odds ratio for abdominal obesity in females with normal body weight. Table 3 shows the subjective perception of body habitus and weight loss efforts in the past year in adults with abdominal obesity 
Association between sociodemographic indices, healthrelated behavior, and abdominal obesity in adults with normal body weight
Association between abdominal obesity and cardiovascular risk factors in adults with normal body weight
Subjective perception of body habitus and weight loss efforts in the past year in adults with abdominal obesity despite normal body weight
DISCUSSION
This study was conducted to analyze the factors that increase the risks of abdominal obesity in Korean adults with normal body weight and the relationship between abdominal obesity and cardiovascular risk factors, such as hypertension, diabetes, and dyslipidemia, based on the sixth KNHANES (2013-2015).
The prevalence of abdominal obesity in Korean adults with normal body weight was higher in females. In contrast, a previous study using the KNHANES between 1998 and 2015 reported that the prevalence of abdominal obesity was higher in males than in females. 17 The mean age of the female and male groups with abdominal obesity was higher than that of the groups without abdominal obesity, and the prevalence of abdominal obesity tended to increase with age. This trend may be attributed to a combination of causes including social activities, cultural characteristics, age-related physical changes, and decreased caloric use.
When the influence of sociodemographic factors on the abdominal obesity of adults with normal body weight was assessed, the influence was not significant in males when adjusted for age and BMI.
In contrast, in females, the risks of abdominal obesity increased sig- When adjusted for age and BMI, the risks of abdominal obesity were increased in male and female groups who engaged in harmful alcohol consumption every day. Various studies have reported a correlation between harmful alcohol consumption and obesity, 19 and our results confirmed that drinking is an independent risk factor of abdominal obesity in adults with normal body weight.
Exercise has been suggested to be an important factor that decreases the prevalence of obesity. In this study, the prevalence of abdominal obesity increased significantly in males with normal body weight who performed walking exercise two or fewer times per week. However, there was no correlation between the number of days of exercise and abdominal obesity in females. Other studies using the KNHANES data reported similar findings. For instance, one study determined that there was no significant correlation between exercise and waist circumference in females aged 35 years or older; 20 a similar finding was obtained in a study of post-menopausal females. 21 Because the KNHANES was conducted using a selfreported questionnaire, errors may have occurred. Additionally, be- 
